Volatile oils of Aquilaria malaccensis Benth. (Thymelaeaceae) from Malaysia were obtained by hydrodistillation and subjected to detailed GC-FID and GC/MS analyses to determine possible similarities and differences in their chemical composition in comparison with the commercial oil. A total of thirty-one compounds were identified compared with twenty-nine identified in the commercial oil. The major compounds identified were 4-phenyl-2-butanone (32.1%), jinkoh-eremol (6.5%) and α-guaiene (5.8%), while the major compounds in the commercial oil were α-guaiene (10.3%), caryophellene oxide (8.6%), and eudesmol (3.2%). The results of the present study showed that more than nine sesquiterpene hydrocarbons were present, which is more than previously reported. Analysis also showed that the number of oxygenated sesquiterpenes in this study were much less than previously reported. Among the compounds detected were α-guaiene, β-agarofuran, α-bulnesene, jinkoh-eremol, kusunol, selina-3,11-dien-9-one, oxo-agarospirol and guaia-1(10),11-dien-15,2-olide.
Agarwood originates from north-eastern India, Bhutan and parts of south-east Asia, especially Vietnam, Cambodia, Philippines, Malaysia, Indonesia, and Papua New Guinea. Agarwood has had a very long history of use in folk medicine as incense and as an aromatic oil. Agarwood oil, also known as oud, aloeswood oil, eagleswood, kiara and gaharu, is a natural oil obtained from the fragrant resin of several species of Aquilaria (Thymelaeaceae) including A. malaccensis Benth. (syn. Aquilaria agallocha) and A. crassna. A. malaccensis is included in Appendix II of the Convention on International Trade in Endangered Species (CITES) and is listed as endangered by the Malaysian government [1] [2] [3] .
In Malaysia, rural villagers and indigenous peoples depend on A. malaccensis harvesting to supplement household income. The species has been introduced as a potential income-generating crop to be planted alongside vegetable farms in agroforestry programs during the Ninth Malaysian Plan (2006) (2007) (2008) (2009) (2010) . The Peninsular Malaysia Forestry Department is striving to develop a uniform grading system for the fragrant resin and volatile oil which until now is being carried out by most traders by visual inspection and smell.
Agarwood oil has been reported to contain sesquiterpenoids of the eremophilane, spirovetivane, eudesmane, nor-guaiane and prezizaane types, and 2-(2phenylethyl) chromone derivatives [4] [5] [6] [7] [8] [9] [10] [11] . In the present study, we report on the chemical composition of the volatile oils of A. malaccensis from Malaysia obtained by hydrodistillation and subjected to detailed GC-FID and GC/MS analyses. GC-FID and GC-MS are the most common analytical methods to-date for compound identification in volatile oils [12] . The chemical composition of the laboratory prepared and commercially obtained oils are compared with the compounds previously reported in agarwood volatile oils [10, 11] .
The agarwood volatile oil obtained via hydrodistillation (0.2% yield based on dry weight) was dark green. The commercial oil, however, was brown. The general chemical profiles of the oil samples, their chemical composition and retention indices are summarized in 1966 Natural Product Communications Vol. 5 (12) 2010 The commercial oil contained less monoterpene (5.0 %) compared with the laboratory sample, but more sesquiterpene hydrocarbons (22.9%) and oxygenated sesquiterpenes at 72.1%. One possible explanation for the lower content of monoterpenes in the commercial oil could be vaporization during the prolonged extraction time of 3 days. The percentage of sesquiterpene hydrocarbons was essentially equal for both the laboratory sample and the commercial oil.
Tajuddin & Yusoff
The major compounds identified in the laboratory sample were 4-phenyl-2-butanone (32.1%), jinkoheremol (6.5%), and α-guaiene (5.8%). The commercial oil contained several major compounds, namely αguaiene (10.3%) caryophellene oxide (8.6%) and eudesmol (3.2%).
Previously reported data [10] on solvent extracted agarwood oil from Vietnam, which ranged in color from green to brown and purple and labelled I, II and III, respectively, are included for comparison. Also included are findings from a recent report indicating 4-phenyl-2-butanone, β-agarofuran, α-agarofuran, agarospirol and 10-epi-γ-eudesmol, which were detected in hydrodistilled oils from Peninsular Malaysia [11] .
Based on the data obtained from the present study and previous reports [10, 11] , several compounds in A. malaccensis oil can be classified as marker compounds, namely α-guaiene, β-agarofuran, α-bulnesene, jinkoheremol, kusunol, selina-3,11-dien-9-one, oxoagarospirol and guaia-1(10),11-dien-15,2-olide.
Experimental
Plant material: Aquilaria malaccensis infected wood from Kelantan Forest (Malaysia) and a sample of commercial oil were procured in September 2008 from Mazlan Mohamed, an agarwood trader certified by the Forestry Department, Malaysia.
Isolation procedure: Fresh, air dried woods were dried further in an oven at 40 o C for 24 h. This was followed by 3 days of soaking in water prior to hydrodistillation in a Pyrex glass Clevenger type apparatus for 12 h. The oils were taken up in n-hexane, dried over anhydrous sodium sulfate, purged with nitrogen gas (N 2 ), and then stored at 4 o C in glass amber vials prior to analysis. The commercial oil was isolated by the trader from 25 kg air dried wood chips in a large scale Clevenger-type steel apparatus.
GC-FID and GC-MS analyses:
Chemical analyses of agarwood oil were undertaken by gas chromatographyflame ionization detector (GC-FID) and gas chromatography-mass spectrometry (GC-MS). An Agilent 7890 gas chromatograph coupled to a 5973 quadruple mass spectrometer equipped with a DB-1 capillary column (30m x 0.25 mm, film thickness 0.25 μm) and a selective mass detector was used for GC-MS detection; an electron ionization system was set with an ionization energy of 70eV. Helium was the carrier gas, set at a flow rate of 1.0 mL/min. Injector and ion source temperatures were both set at 230 ο C. Injection volume was 1 μL (split ratio 20:1) and the oven temperature was programmed from 50 ο C to 230 ο C at 3 ο C/min.
Identification of components:
The components were identified on the basis of comparison of their retention indices and mass spectra with published data [13] , and by matching with the National Institute of Standards Technology (NIST) libraries. Retention indices were calculated using a homologous series of n-alkanes (C8-C22).
